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Reinforced concrete antiseismic wall structure has great load-bearing capacity and resistance to lateral displacement and is widely
used as high-rise and super high-rise buildings. At present, in the seismic testing of buildings, the vibration signals that simulate
earthquakes are transmitted through a wired transmission system for analysis after a certain amount of processing, and the seismic
performance of the building is tested. The purpose of this paper is to analyze and study the seismic resistance of a newly fabricated
lightweight herringbone braced seismic wall based on ZigBee sensor technology. In this paper, firstly, the research and exploration
of the building seismic capability detection system using ZigBee technology wireless sensor are carried out, and the building
seismic capability detection system is a wireless sensor network using ZigBee technology; it measures the seismic performance
of the building by detecting the acceleration values of key parts in the building model. Then, the seismic design response
spectrum is proposed, and the modal analysis is carried out at the same time, and the mode decomposition response spectrum
method is given. Then, the seismic performance of the reasonable RC support lightweight herringbone support seismic wall
was analyzed, and the seismic performance of the lightweight herringbone support structure was studied at the same time. The
experimental results show that with the increase in the size of the RC support section, the bearing capacity and seismic
performance of the lightweight herringbone support seismic wall are improved. The displacement ductility coefficient obtained
is greater than 4, and the energy dissipation coefficient is 1.56, which meets the seismic requirements of the structure.

1. Introduction

At present, with the rapid and vigorous development of the
socialist market economy, especially the deepening of the
concept of sustainability, people are increasingly interested
in the research of prefabricated concrete buildings with the
advantages of low carbon, greening, environmental protec-
tion, and energy saving. At the same time, the fundamental
reform of the construction methods of industrial and civil
buildings not only implements the overall deployment of
the rapid and vigorous development of architectural design
industrialization and residential mechanization but also is
an objective need to transform economic development
methods and further improve the living conditions of resi-
dential and people’s livelihoods. In recent years, from vari-
ous ministries and agencies, to government departments,

developers, and various research and development organiza-
tions including universities and colleges across the country,
all of them have been exploring the development path of
residential mechanization that is more suitable for actual
national conditions. The industrialization of emerging mate-
rials has become an important part of the ideal development
of the building materials industry and has been widely
recognized and promoted in the field of urban engineering
construction applications. Prefabricated building concrete
structure itself, as a new industry booming building material
structure form, naturally arouses people’s attention.

The main structure of the prefabricated shear wall com-
ponent is a fully prefabricated or semiprefabricated wall
panel, which uses on-site installation or partial cast-in-
place processing. It has the advantages of fast construction
speed, fast production quality, environmental protection,
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and promotion of sustainable economic and social develop-
ment. Therefore, the research on prefabricated shear wall
components is particularly important for the development
of prefabricated structural systems. Although the reinforced
concrete shear wall structure has good seismic resistance, it
also has disadvantages such as complex construction tech-
nology, environment, and noise pollution; the self-weight
of the traditional prefabricated shear wall brings great incon-
venience to the hoisting during construction and increases
the load of the structure and the seismic effect. Therefore,
this article proposes a new type of lightweight herringbone
support seismic wall, which can reduce the weight of the
components by replacing the least stressed part of the wall
with diagonal braces with a smaller cross-section.

According to the research progress at home and abroad,
different scholars also have a certain degree of cooperation
in ZigBee sensor and seismic performance: Alhmi Ed At T
proposed a low-cost system architecture that has been pro-
posed for automatic real-time monitoring of indoor air qual-
ity. The designed system is in the pilot phase, 4 sensor nodes
are deployed in the indoor environment, more than 4 weeks
of data have been collected, and performance analysis and
evaluation have been carried out. The environmental data
from the sensor node is sent through the ZigBee communi-
cation protocol. The system he proposed is low in cost and
has achieved low power consumption. In addition to the
actual deployment, he also introduced the hardware and net-
work architecture [1]. Tian et al. designed a wireless network
communication system based on ZigBee protocol by using
CC2530 chip as processor and combining with front-end
CC2530. The temperature and humidity data sent back by
the main module receiving node will be sent to the host
computer by the serial assistant. Then, the host computer
receives and displays the data so that the user can check
them easily [2]. In the remote monitoring of the structural
integrity of the building through the intelligent wireless sen-
sor network, And DS uses ZigBee as the wireless network
and accelerometer as the sensor to monitor the health of
the building structure. ZigBee is used to send the collected
information to the receiver part in the receiver part, and
another ZigBee receives the information and sends the data
to the microcontroller [3]. Abey et al. discuss a method for
improving the bridge seismic properties by using the
“parameter-based impact factor” that was developed by fac-
tor theory. The factors considered in the factor analysis are
longitudinal reinforcement percentage, concrete compres-
sive strength, reinforcement yield strength, transverse tie
spacing, and column height [4]. Yu et al. aim to study the
seismic performance of RC short and long columns with
welded stirrups. Through the low-circumferential horizontal
load test of the specimen, the technical indicators of seismic
energy such as wear mode, hysteresis curve, skeleton curve,
ductility, energy consumption capacity, hardness decay,
and hardness decay are analyzed with emphasis [5]. Arthi
and Jaya compared the structural behavior of the prefabri-
cated shear wall-diaphragm connection with the overall con-
nection under seismic loads. The overall connection uses U-
shaped rods to connect the shear wall and the slab, and the
prefabricated connection uses positioning rods in two steps

[6]. Ma et al. introduced the experimental and numerical
study of a new hybrid structural system, which includes a
RC frame and reinforced masonry walls. In general, in his
investigation, there are four different connection methods
between the frame and the reinforced masonry wall. The
mathematical values provide accurate predictions of failure
modes and cyclic response, but do not fully replicate the
squeeze response due to the neglect of key-slip effects [7].
Çelik and Kamali study is aimed at increasing awareness of
the technical characteristics of cold-formed steel members
and the advantages of lightweight steel structures compared
to reinforced concrete. To achieve this goal, a case study was
carried out to compare the light steel structure and the rein-
forced concrete structure in detail from different perspec-
tives [8]. The postfire mechanical properties of concrete
are a set of important parameters in the analysis of structural
behavior after fire. In this study, Romi et al. tested four light-
weight self-compacting concrete mixes with different fillers.
These tests are performed by considering the age of the sam-
ple [9]. However, these scientists cannot try to use ZigBee
sensor technology to analyze and explore the seismic func-
tion of the newly assembled lightweight herringbone support
seismic wall.

The innovations of this article are reflected in as follows:
(1) This article analyzed and studied the building seismic
capacity detection system based on ZigBee technology wire-
less sensor; (2) proposed the seismic design response spec-
trum and analyzes the seismic influence coefficient curve;
(3) modal analysis was performed, which was the work of
obtaining the vibration frequency and mode shape of a
multi-degree-of-freedom linear system; (4) proposed the
mode decomposition response spectrum method, that is, in
the process of solving the multi-degree-of-freedom system,
each mode that can construct a free vibration component
was regarded as a coordinate system; and (5) analyzed and
studied the seismic performance of reasonable RC support
lightweight herringbone support seismic wall and light-
weight herringbone support structure.

2. Experimental Method

2.1. Antivibration Detection System Based on ZigBee Wireless
Sensor. In wireless sensor networks, data communication
between network nodes requires corresponding wireless net-
work protocols, including physical layer, medium access
layer, network layer, application layer, and so on. Among
the many traditional short-range wireless network commu-
nication protocols, it is difficult to find a technology that
can meet the requirements of wireless sensors with low data
rate, high fault tolerance, high security, and strong anti-
interference ability. So the many characteristics of ZigBee
technology make it the best choice for wireless sensor
networks.

The seismic performance detection system of buildings
uses ZigBee wireless sensor network to detect the seismic
performance of buildings by measuring the acceleration
values of key parts of the building model. Figure 1 shows
the structure of the entire system.
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A number of sensor nodes are placed at the key stress
points of the laboratory building model. These sensor nodes
and the coordinator node form a short-distance miniature
wireless sensor network to detect the seismic performance
of the system. First, the coordinator node has established a
website, and the sensor node can apply to enter this website.
After successfully entering the network, the sensor node uses
the acceleration sensor to start information processing on
the acceleration value formed by the vibrating building
model and uses the ZigBee radio frequency module to trans-
mit the collected data to the coordinator node. Then, the
coordinator node receives the data information and trans-
mits the collected data information to the PC through RS-
232 [10]. Figure 2 shows the basic structure diagram of the
coordinator node. The coordinator node is mainly com-
posed of processor module, ZigBee RF module, memory
module, and power supply module [11].

The wireless media sensor network was constructed to
form a star network, and the newly added nodes were reas-
signed network addresses [12]. Receiving the data collected
by the acceleration sensor sent by the sensor node, complete
the storage, analysis, and processing of the received data,
and send the data to the PC via RS-232 to detect the seismic
performance of the building [13]. Figure 3 shows the struc-
ture diagram of the wireless sensor network executive net-
work system.

The coordinator node scans the wireless channel to form
a wireless sensor network for detecting the vibration data of
the building and stands by for the addition of new sensor
nodes at any time [14]. After the sensor node successfully
enters the network, the coordinator receives the data sent
from the sensor node and uploads it to the PC via the RS-
232 bus interface and then enters the idle state and waits
for the next group of data [15]. Sensor nodes generally con-

sist of data processor modules, ZigBee radio frequency trans-
mission modules, sensor modules, and power supply
modules [16].

The main functions of the sensor node are as follows:
join the network established by the coordinator through
the radio frequency module, use the acceleration sensor to
complete the collection of building vibration signals, process
the collected data, and use the method of direct communica-
tion with ZigBee to transmit the data to the coordinator
node [17].

The sensor node applied to enter the network system,
and the coordinator node responded to the application
and assigned an Internet IP address to the sensor node.
The sensor node successfully entered the network system
[18]. When the vibration in the building is formed, the
acceleration sensor is used to monitor the vibration mes-
sage, and then, the information processor collects various
data messages and transmits the collected various data mes-
sages to the coordination device through the radio fre-
quency module [19].

Building model

PC

Coordinator node

Sensor node

Figure 1: System structure diagram.

Memory
unit

ProcessorPC
interface

Radio frequency
module

Power supply

Figure 2: Basic structure diagram of the coordinator node.
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The application prospect of ZigBee technology is very
broad. In the next few years, ZigBee will have broad applica-
tion prospects in many fields such as industrial control,
industrial wireless positioning, home networking, automo-
tive automation, building automation, consumer electronics,
and medical equipment control. Especially home automa-
tion and industrial control will become the main application
areas of ZigBee chips in the future. ZigBee technology fills up
the gap in the wireless communication market with low cost,
low power consumption, and low speed. The key to its suc-
cess is rich and convenient applications. With the release of
the official version of the agreement, more attention and
research and development efforts will turn to application
design and implementation, interconnection operability
testing, and marketing. We have reason to believe that in
the near future, more and more devices with built-in ZigBee
functions will enter our lives, greatly improving our lifestyle
and experience.

2.2. Response Spectrum of Seismic Design. For the system of a
single degree-of-freedom, the mass point’s absolute speed m
can be expressed by the formula:

m = f s lð Þ + f lð Þ: ð1Þ

In the equation, f sðlÞ describes the acceleration wave of a
given ground motion, and f ðlÞ refers to the acceleration rate
of the system itself.

It is stipulated that the maximum absolute acceleration
of the calculated mass point is

Jm = mj jmax: ð2Þ

Then, the maximum seismic action that the structure
can withstand during an earthquake is

P = kJm: ð3Þ

On the basis of a large number of calculations, we have
introduced the concept of earthquake influence coefficient,
namely

P = kJm = kd∙
Jm
d

= Jm
d
∙D = βD: ð4Þ

Among them

m = Jm
d

= adj jmax, ð5Þ

where d is the seismic impact factor, which is calculated
as the ratio of the horizontal seismic pressure applied to an
elastic system with a single mass to the gravitational force
of that mass.

The seismic influence coefficient curve is shown in
Figure 4. That is, in the case of determining the damping
ratio of the system, a special ground motion acceleration
wave is determined after comprehensive selection of various
factors such as site grouping and earthquake type. The earth-
quake influence coefficient a is only related to the natural
vibration period R of the system [20–22].

2.3. Modal Analysis. Modal analysis is the work of obtain-
ing the vibration frequency and mode shape of a multi-
degree-of-freedom linear system. It is also the basis for
solving the seismic response using the mode decomposi-
tion response spectrum method. Based on structural
dynamics, the undamped free vibration equation can also
be written as:

D½ �   m⃛ rð Þf g + H½ � m rð Þf g = 0: ð6Þ

In the formula, ½D� is the mass matrix, ½H� is the struc-
tural stiffness matrix, and f   m⃛ðrÞg and fmðrÞg construct
the relative acceleration vector and position vector.

Taking the degree of freedom mode of the structure as
the generalized coordinate system and according to the

. . .

ZigBee coordinatorRS232

Temperature sensor Humidity sensor

ZigBee router ZigBee terminal node ZigBee terminal node

Relays

Figure 3: Wireless sensor network execution network system structure diagram.
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nonzero solution of the free vibration equation, the fre-
quency equation can be obtained as follows:

H½ � Mg

� �
= v2g D½ � Mg

� �
: ð7Þ

In the equation, vg is the circumference of the g-th
mode, and fMgg is the g-th mode vector.

Then, the period Rg of the g-th mode of the structure
can be expressed by the following equation:

Rg =
2π
vg

: ð8Þ

Therefore, to convert the calculation of natural vibra-
tion stage and mode shape into characteristic value and
characteristic stage calculation, people generally choose
the following methods to solve the building structure: (1)
The iterative method is to transform the stiffness matrix
into a flexibility matrix, perform mathematical processing
on it, and then transform it into a variable eigenvalue cal-
culation problem at different levels. Through this method,
the first-order natural vibration order and the correspond-
ing vibration mode can be obtained. (2) The Jacobian
method of real symmetric matrix can calculate all vibra-
tion modes and periods. The method used is the subspace
iteration method of the MIDAS/Gen software itself. This
method incorporates the advantages of the iterative and
Jacobi methods. The subspace adopts the generalized Jaco-
bian method, and the iterative method is adopted between
the subspaces, which has the advantages of high accuracy
and short calculation time.

2.4. Mode Decomposition Response Spectrum Method. The
definition of “modal decomposition” is that in the process
of solving a multi-degree-of-freedom system, each mode

that can construct a free vibration component is regarded
as a coordinate system, and the movement of the component
is regarded as vibration linear form of type:

m rð Þf g = 〠
d

g=1
pg rð Þ Mf gg: ð9Þ

In the equation, mðrÞ is the movement vector of the
structure, pgðrÞ is the generalized displacement coordinate
of the g mode, and fMgg is the g-th mode of the system.

In the same way, the inertial motion can be expanded
like the mode shape. Using the orthogonal nature of the
mode shape, the equilibrium equation about the generalized
coordinates can be obtained:

pg rð Þ + 2φgvgpg rð Þ + v2gpg rð Þ = −βg   m⃛ rð Þ, ð10Þ

βg =
Mf gRg D½ � Ef g
Mf gRg D½ � Mf gg

=
∑c

b=1dbDgb

∑c
b=1dbD

2
gb

: ð11Þ

In the equation, φg is the damping ratio of the g mode,
vg is the circular frequency ratio of the g mode, and βg is
the participation coefficient of the g mode; it represents
the proportion of the g mode in inertial motion per unit
time, which satisfies:

〠
c

g=1
βgMgb = 1: ð12Þ

  m⃛ðrÞ is the acceleration of ground motion, db is the mass
of the b-th particle.

Introducing ΔgðrÞ as the displacement response of a sin-
gle-degree-of-freedom system with a damping ratio of φg

o R(s)

0.1 Rd 5Rd 6.0

n2amax
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Figure 4: Earthquake influence coefficient curve.
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and a natural frequency of vg, the solution of the g-th mode
of equation (10) can be expressed as

pg = βgΔg rð Þ: ð13Þ

Then, the shift reaction of the b-th prime is

mb rð Þ = 〠
c

g=1
pg rð ÞMgb = 〠

c

g=1
βgΔg rð ÞMgb: ð14Þ

The horizontal seismic force of a multi-degree-of-free-
dom system can also be represented by the inertial force
of the point body. The horizontal seismic force on the
particle b is

Yb tð Þ = −db∙   m⃛d rð Þ +   m⃛b rð Þ½ �: ð15Þ

In the equation,   m⃛bðrÞ represents the relative accelera-
tion of the mass point b.

From equation (14), equation (15) can be written as:

Yb tð Þ = −db∙   m⃛d rð Þ +   m⃛b rð Þ½ �

= −m∙ 〠
c

g=1
  m⃛d rð ÞβgMgb + 〠

c

g=1
βg

  Δ⃛g rð ÞMgb

" #

= 〠
c

g=1
Ygb tð Þ,

ð16Þ

Ygb tð Þ = −dbβgMgb   m⃛d rð Þ +   Δ⃛g rð Þ� �
: ð17Þ

Equation (16) can be used to obtain the horizontal seis-
mic effect of particle b and its variation with time, and the
maximum value can be obtained. A simpler way is to use
the response spectrum of a single degree of freedom system.
According to equation (17), the maximum horizontal seis-
mic effect of each particle in the g mode and the interaction
effect produced by it can be synthesized, and then, the effect
of the multi-degree-of-freedom system under the maximum
horizontal seismic interaction can be obtained.

Equation (17) can be written as:

Ygbmax =
  m⃛d rð Þ +   Δ⃛g rð Þ

d

�����
�����
max

DbβgMgb: ð18Þ

In the above equation, let μg = jð   m⃛dðrÞ +   Δ⃛gðrÞÞ/djmax,
μg be the seismic influence coefficient of a single-degree-
of-freedom system with the g-mode natural vibration time
of Rg = 2π/vg, so that the maximum seismic influence on
the g-th mode particle b can be obtained as

Ygbmax = μgβgMgbDb: ð19Þ

The seismic influence coefficient is determined by the
seismic design response spectrum to obtain the maximum
seismic influence of a certain mode shape on each particle,
thereby converting the dynamic problem into a static prob-

lem. According to the static solution, the maximum seismic
effect of each mode shape can be obtained. According to the
understanding of random vibration, the ground motion in
the process of earthquake damage is considered to be a stable
random process. Therefore, the total maximum seismic
action effect T formed by the translational vibration mode
of the structure at a certain position can be approximately
determined by the “sum of squares” method, namely

T =

ffiffiffiffiffiffiffiffiffiffiffiffi
〠
b

g=1
T2
g

vuut : ð20Þ

3. Analysis of Results

3.1. Seismic Characteristics of Lightweight Herringbone-
Supported Seismic Wall with Reasonable RC Support. Studies
have shown that the size of the opening has a great influence
on the seismic performance of the lightweight herringbone
support seismic wall. Another important factor is the RC
support. On the basis of determining the optimal size of
the opening, the section size and section reinforcement of
the support were changed, respectively, and their influence
on the seismic performance of the lightweight herringbone
support seismic wall was studied, so as to determine a rea-
sonable RC support.

Figure 5 shows the skeleton curve obtained when chang-
ing the size of the RC support section, and Table 1 shows the
relevant characteristic values obtained by changing the sec-
tion size of the RC support. From this figure and the table,
it can be seen that the stiffness, bearing strength, and seismic
performance of the lightweight herringbone braced seismic
wall increase with the increase of the cross-sectional size of
the RC brace.

Figure 6 shows related seismic performance indicators
such as the elastic interlayer displacement angle, the
elastic-plastic interlayer displacement angle, the ductility
coefficient, and the energy dissipation coefficient. It can be
observed that the ductility and energy dissipation coeffi-
cients increase as the cross-sectional size of the support
increases; when the size of the support section is 200 × 300,
its ultimate bearing capacity is slightly smaller than that of
the solid seismic wall, but the degree of decrease does not
exceed 5%.

Figure 7 shows the skeleton curve obtained when the rein-
forcement of the RC support section is changed, and Figure 8
shows the relevant characteristic values obtained by changing
the reinforcement of the RC support section. From this fig-
ure, it can be seen that the bearing capacity of the lightweight
herringbone braced seismic wall increases with the increase
of the RC bracing cross-sectional reinforcement.

Figure 9 shows related seismic performance indexes
such as the displacement angle between elastic layers, the
displacement angle between elastic and plastic layers, the
ductility coefficient, and the energy dissipation coefficient.
It is observed that the consumption coefficient increases
and the ductility coefficient increases slightly as the rein-
forcement of the support section increases; when the
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supporting section reinforcement is 6#12, its ultimate bear-
ing capacity is slightly lower than that of the solid seismic
wall; the obtained displacement angle of the ductile inter-
layer is less than 1/800, and the displacement angle of the
elasto-plastic interlayer is less than 1/100, which meets the
deformation check calculation under seismic action; the dis-
placement ductility coefficient is greater than 4, and the
energy dissipation coefficient is 1.56, which meets the seis-
mic requirements of the structure.

3.2. Seismic Performance Analysis of Lightweight
Herringbone Support Structure. When an earthquake occurs,
the structure will be subjected to force; that is, the seismic
load acts on the building structure, which causes the defor-
mation and destruction of the structure. Under the action
of two-way earthquake load, the deformation and failure of
the structure are obviously stronger than that of one-way
earthquake. For a plane L-shaped structure, its mass and

stiffness distribution are asymmetrical. Therefore, when dis-
cussing the causes of horizontal seismic loads, the torsion
causes under the condition of two-way horizontal epicenters
should be considered. That is, the response spectrum analy-
sis is carried out in the X direction and the Y direction,
respectively, and the earthquake damage is fully studied to
ensure the safety of the structure in the case of earthquake
damage. Using the SAP2000 software, the response spectra
of the original basic model, the herringbone support, and
the X-shaped support structure in the X and Y directions
were analyzed.

When determining the seismic influence coefficient,
many factors need to be considered, such as the damping
ratio and self-excited vibration period of the building struc-
ture, the seismic fortification intensity of the area where the
building components belong, and the design seismic group-
ing, including the site category of the area, will affect the
determination of the coefficient.
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Figure 5: Skeleton curve obtained by changing the size of the support section.

Table 1: Relevant characteristic values obtained by changing the size of the support section.

Lightweight herringbone support
seismic wall

Fracture points Earnings point Peak point
Point of

destruction
Fcr cr Fy y Fm m Fu u

Solid seismic wall 449 2.1 721 5.8 851 17.8 723 36.1

Support section size 200∗200 239 1.7 551 9.7 749 29.1 641 37.9

Support section size 200∗300 291 2.0 598 10.1 811 30.2 692 45.2

Support section size 200∗400 319 2.0 658 10.1 859 28.3 728 53.8

7Mobile Information Systems



In the SAP2000 software, the program cannot provide
data about floor displacement. In the actual research and
analysis process, the displacement of the structural floor
under the action of the earthquake is replaced by the dis-
placement of the node. Under the action of two-way earth-
quake, due to the existence of seismic force, the collection
and summary of structural displacement data are obtained.

As shown in the table, combined with the known story height
values, it is easy to obtain the displacement angle between
stories. Table 2 shows the variation of interstory discharge
and interstory discharge corner when the structure is unsup-
ported under earthquake action. Table 3 shows the variation
of interstory discharge and interstory discharge corner of the
X-supported structure under earthquake action.

0

0.0005

0.001

0.0015

0.002

0.0025

0.003

Entity 200*200 200*300 200*400

V
al

ue

Types
Entity 200*200 200*300 200*400

Types

Elastic interlayer displacement
Elastoplastic layer displacement

Displacement ductility coefficient
Energy consumption coefficient

0

1

2

3

4

5

6

7

V
al

ue
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In the SAP2000 software, the program cannot provide
data for the displacement of the floor. In our actual research
and analysis process, the displacement of the structural floor
under the earthquake is replaced by the displacement of a
node, as shown in Table 4.

We analyzed the state of the structure under the action
of two-way earthquakes. For the basic model, the displace-
ment in the X direction of the first layer of model 1 is
2.8431, the displacement in the Y direction is 2.3777, the
maximum lateral displacement is 14.9763, and the maxi-
mum longitudinal displacement is 13.4607. By comparing
the lateral and longitudinal displacements of each floor, it
is found that the displacement in the X direction is always
higher than the displacement in the Y direction. Model 2
and Model 3 have the same situation under the two different
supports. This means that the lateral displacement resistance
of the structure in the X direction is lower than the lateral
displacement resistance in the Y direction. Figure 10 shows
the maximum displacement changes in the lateral (a) and
longitudinal (b) directions of the structure under the action
of two-way earthquakes.

The maximum interlayer displacement of the model is
analyzed and calculated. Under the action of two-way earth-
quakes and mainly X-direction earthquakes, it was found
that the maximum interlayer displacement of model 1 in
the X-direction appeared on the third layer, with a displace-
ment of 3.3934mm. The maximum interlayer displacements
of model 2 and model 3 are also the same, with specific
dimensions of 3.3307mm and 3.1095mm, respectively.
Under the action of two-way earthquakes, the Y-direction
earthquakes dominate. It is not difficult to see that the Y
-direction trend is consistent; that is, the maximum value
appears on the third layer. The calculated maximum inter-

layer displacements of the three models are 4.2232mm,
2.4106mm, and 2.3449mm, respectively. For the floor with
the largest structural displacement, when an earthquake
occurs, the structure may be damaged at that location, which
should be considered in the design stage. Antiseismic mea-
sures must be taken, such as increasing the cross-sectional
area of the component or increasing the lateral force resis-
tance of the floor slab to avoid damage.

Comparing the displacement of model 1 without sup-
port, model 2 with X-shaped support, and model 3 with her-
ringbone center support, it is found that under the action of
the support rods, the maximum lateral displacement of the
structure is reduced from 15.2763mm to 13.1528mm and
11.9465, and the maximum longitudinal displacement is
reduced from 13.4593mm to 10.5295mm and 9.7627mm,
respectively. It shows that the support rod effectively
improves the rigidity of the structure and plays a significant
role in maintaining the overall stability of the structure
under the action of an earthquake. The displacement reduc-
tion range of the two different supports is also different, and
the displacement reduction range of the herringbone center
support is larger. Under the analysis model in this paper,
the lateral rigidity of the herringbone central support struc-
ture is greater than that of the X-shaped central support
structure, and its seismic performance is better under seis-
mic loads.

4. Discussion

This article mainly describes a new type of fabricated light-
weight herringbone support seismic wall technology; it is
in the category of manufacturing design and construction
technology of prefabricated concrete components and can
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Figure 8: Relevant characteristic values obtained by changing the reinforcement of the support section.
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be applied to solve the problems of traditional seismic wall
self-weight and complex construction technology, which is
conducive to the development and promotion of the process
of building industrialization. Each piece of assembled light-
weight herringbone support seismic wall is an integral pre-

fabricated component formed by opening a hole in the
middle part of the solid shear wall and adding herringbone
support, in which the joints of the wall body are made of
teeth. When the vertical connection between the upper and
lower walls is carried out, the joint method of mechanical
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Figure 9: Related seismic performance indicators.

Table 2: Interstory displacement and interstory displacement angle without supporting structure under earthquake action.

Floor
Two-way earthquake action

Floor lateral
displacement (mm)

Displacement angle between
floors (rad)

Floor longitudinal
displacement (mm)

Displacement angle between
floors (rad)

1 2.7982 1/998 2.1986 1/1339

2 5.9789 1/897 5.3895 1/938

3 9.4976 1/891 8.5968 1/929

4 12.7015 1/961 10.9873 1/1139

5 14.9763 1/1201 13.4607 1/1372
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connection or welding connection shall be adopted for the
joints of the steel bars, and the joints shall be filled by the
method of injecting cement mortar. At the junction of the
upper and lower earthquake-proof walls, the wall surface
should be made into a “convex” shape with tongue and
groove, and the height of the protrusion in the middle
should not be less than 1/2 the thickness of the floor, retract
the length of floor slab, roof slab, and shelf with a height of

not less than 60mm to both ends (both sides of the internal
seismic wall need to shrink inward, and the inner side of the
external seismic wall needs to shrink inward).

5. Conclusions

When analyzing the seismic performance of the RC-
supported lightweight herringbone-supported seismic wall,

Table 3: Interlayer displacement and interlayer displacement angle of X-shaped supporting structure under earthquake action.

Floor
Two-way earthquake action

Floor lateral
displacement (mm)

Displacement angle
between floors (rad)

Floor longitudinal
displacement (mm)

Displacement angle
between floors (rad)

1 2.2013 1/1402 1.7946 1/1589

2 5.0978 1/989 3.9867 1/1304

3 8.5102 1/892 6.9021 1/1251

4 11.0215 1/1198 8.9023 1/1329

5 12.9879 1/1297 10.4972 1/7802

Table 4: Interstory displacement and interstory displacement angle of a herringbone support structure under earthquake action.

Floor
Two-way earthquake action

Floor lateral
displacement (mm)

Displacement angle
between floors (rad)

Floor longitudinal
displacement (mm)

Displacement angle
between floors (rad)

1 1.9859 1/1501 1.5989 1/1839

2 4.7001 1/1089 4.0023 1/1328

3 7.8031 1/971 5.9789 1/1301

4 9.8978 1/1402 7.0982 1/1604

5 12.005 1/1497 9.8028 1/1862
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Figure 10: The maximum displacement of the structure in the lateral (a) and longitudinal (b) directions under the action of two-way
earthquakes.
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the size of the RC support section of the lightweight herring-
bone support seismic wall is 200 × 300 (mm), and when the
reinforcement of the support section is 6#12 (mm), its seis-
mic performance is basically the same as that of a solid shear
wall. When analyzing the seismic performance of the light-
weight herringbone support structure, the structure was sub-
jected to two-way seismic action, and the displacement of
the structure under the seismic action met the relevant man-
datory requirements of the seismic code, indicating that the
light steel structure has good seismic performance. After
adding the herringbone and X-shaped center supports to
the original structure, the lateral and longitudinal displace-
ments of the structure are smaller than those of the original
model. The support has a significant effect on reducing
structural deformation, and the addition of herringbone
supports will reduce the displacement to a greater extent.
In this paper, the seismic performance of the proposed pre-
fabricated lightweight herringbone support seismic wall is
numerically simulated and analyzed, but there are still many
shortcomings, and further research is needed. When analyz-
ing and researching the seismic performance of the prefabri-
cated lightweight herringbone support seismic wall, due to
many influencing factors, the interaction between the vari-
ous factors may not be fully considered.
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